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ABSTRACT:  By virtue of expressions of glial and neural surface markers and capability of neurotransmitter
metabolism, amniotic epithelial cells are considered as candidate cell type for transplantation strategies to treat
neurological disorders. Previously, we have reported neurotrophism exhibited by human amniotic epithelial
cells when transplanted after spinal cord injury in bonnet monkeys.  Amniotic epithelial cells were believed to
secrete an “Epidermal Growth Factor (EGF) - like” factor and exact identification was not made. At this junc-
ture, through the present study it was found that, chicken neural retinal cells when grown alone failed to survive
and contrarily when either co-cultured with chicken amniotic epithelial cells / cultured in amniotic epithelial cell
conditioned medium not only survived but also showed extensive differentiation. Fibroblast Growth Factor – 2
(FGF-2) plays a critical role in retinal development especially in chicken neural retinal development. However,
immunoassay using western blot did not revealed the presence of any already known isoforms of FGF-2 in the
medium. It is interesting to note that while factor secreted by amniotic epithelial cells resembles EGF and/or
FGF-2 in its biological action, known isoforms of them were not detected. Considering the biological closeness
between EGF and FGF-2, results indicate the possibility of a novel isoform of these growth factors secreted by
amniotic epithelial cells.  Further studies will establish the nature of this novel factor which will enhance the
application of this interesting cell type for neural transplantations.
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Introduction
Amniotic epithelial cells were known to express
some of neuronal and glial cell markers (Sakuragawa et
al., 1996) and were found capable of secreting neu-
rotransmitters (Elwan and Sakuragawa, 1997). These
findings suggested the usefulness of them as an alter-
nate source of cells for transplantation approaches to
treat neurological disorders (Sakuragawa et al., 1997).
Transplantation of amniotic epithelial cells in vari-
ous regions of central nervous system such as caudate
nucleus (Bankiewicz et al., 1994; Kakishita et al., 2000;
2003), hippocampus (Okawa et al., 2001) and spinal
cord (Sankar and Muthusamy, 2003) had been reported.
Amniotic epithelial cells transplantation in Parkinson
model of rats was found to reverse the condition and
prevent death in neurons (Kakishita et al., 2000; 2003).
Similarly, when transplanted into ischemic cortical ar-
eas, they were found to differentiate into “neuron-like”
cells (Okawa et al., 2001). In our previous report, we
concluded the usefulness of amniotic epithelial cells
transplantation in spinal cord injury repair research. We
had also outlined various biological and social advan-
tages by which, amniotic epithelial cells transplantation
excels its precedent viz. neural transplantation (Sankar
and Muthusamy, 2003). Recently, our conclusion of
usefulness of amniotic epithelial cells transplantation
to treat spinal cord injuries has been confirmed in ro-
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dent models of spinal cord injury (Zhi-yuan et al., 2006;
our unpublished observations).
It is imperative to understand the mechanism by
which these cells exhibit neurotropism. Based on the
neurotropism exerted by amniotic epithelial cells con-
ditioned medium, a diffusible neurotrophic factor pro-
duced by them had been suggested as a possible cause
apart from direct cell-to-cell effects (Uchida et al.,
2003). Attempts to identify the neurotrophic factor were
not successful. Sakuragawa et al. (2001) had found
amniotic epithelial cells conditioned medium showed
neurotrophic effect on rat embryonic day 18 (E18) cor-
tical neurons. As E18 cortical neurons would not nor-
mally respond to neurotrophic factors other than Epi-
dermal Growth Factor (EGF), they hypothesized that it
could be EGF. However, as they could not prove the
presence of EGF in the conditioned medium by assay
methods, they have concluded it as “novel neurotrophic
factor” and it could be “EGF-like”. Nevertheless, the
exact mechanism is yet to be identified.
At this juncture, in continuation of our previous
work on amniotic epithelial cells, we attempted to find
out the possible mechanism behind the neurotropism
exhibited by these cells. Results obtained from our
present work indicate that amniotic epithelial cells might
be secreting a “novel” neurotrophic factor which could
be “Fibroblast Growth Factor (FGF) -like”.
Material and Methods
Protocol of this study was approved by Institutional
Animal Ethical Committee (IAEC) of Dr.Arcot
Lakshmanasamy Mudaliar Postgraduate Institute of
Basic Medical Sciences, University of Madras, Taramani
Campus, Chennai 600 113.
Cells and their obtainment
For experiments, amniotic epithelial cells from both
humans and chicken, as well as chicken neural retinal
cells were used. Human placenta obtained after cesarean
delivery were washed several times in ringer lactate so-
lution and amniotic membrane was peeled off from the
chorionic surface. Connective tissue adherent to the mem-
brane was thoroughly removed by scrubbing and was cut
into pieces. Fertilized white leghorn eggs were incubated
and embryos of 10 days of age were removed as per stan-
dard procedures (Freshney, 2000). Amnion surrounding
the embryos was carefully removed and kept separately.
Extreme care was excised not to include blood vessels
and other fetal membranes along with the isolated am-
nion. Neural retinal layer was peeled off from its sur-
rounding pigment epithelial layer and collected separately.
Isolated human amnion, chicken amnion and chicken
neural retina were incubated in 0.175% trypsin in Hank’s
solution at 37ºC for 30 minutes. Cells obtained were dis-
persed by gentle trituration, washed in Hank’s solution
for 3 times and collected in medium; composition of
which is given below.
Culture conditions
Cells were seeded on poly-L-lysin coated cover slips
in multi well plates. Culture medium comprised of
Dulbeco’s Minimum Essential Medium (DMEM) + F12
at 1:1 ratio supplemented with 10 mM L-Glutamine, 50
μg gentamicin/ml, 2.5 μg amphotericin B/ml and 10%
fetal bovine serum. Culture plates were incubated in a
humidified atmosphere with 5% CO2 at 37ºC. Cultures
were interrupted after 24 hours and 48 hours of incuba-
tion. No in-between medium change was done during
the maximum observation period of 48 hours.
Preparation of conditioned medium
Two types of conditioned medium were prepared;
one by growing chicken amniotic epithelial cells and
another by growing human amniotic epithelial cells.
After growing cells for 24 hours in the above mentioned
culture conditions, the medium was collected, centri-
fuged at low speed (1000 rpm for 5 minutes) to remove
debris and used immediately after filtered through 0.2
micron filter. Medium used for cultures comprised of
50% conditioned medium and 50% fresh medium.
Cell labeling
In co-culture experiments as given below, chicken
amniotic epithelial cells were labeled with CellTracker
Green BODIPY (Invitrogen, USA) and chicken neural
retinal cells were labeled with 1, 1' – dioctadecyl - 3, 3,
3', 3' - tetramethyllindocarbocyanine  perchlorate (DiI)
(Molecular Probes, USA). To label chicken amniotic
epithelial cells, they were suspended in Hank’s solution
containing 20 micromoles of CellTracker Green dye and
incubated for 30 minutes at 37ºC. Cells were then trans-
ferred to fresh medium and incubated for 30 minutes at
37ºC in 5% CO2 in air. After this, cells were washed
once and re-suspended in fresh medium to the final re-
quired concentration for seeding. To label chicken neu-
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with 10 micromoles of DiI (Molecular Probes, USA)
and were incubated for 5 minutes at 37ºC followed by
15 minutes at 4ºC. After this, cells were washed once
and re-suspended in fresh medium to the final required
concentration for seeding.
Culture in conditioned medium and co-cultures
The following combinations were performed us-
ing cells seeded on poly-L-Lysine coated cover slips kept
in 12 - well  tissue culture plates.
Group 1   - Chicken amniotic epithelial cells
Group 2   - Chicken neural retinal cells
Group 3   - Chicken neural retinal cells + chicken amni-
otic epithelial cells
Group 4   - Chicken neural retinal cells + chicken amni-
otic epithelial cells conditioned medium
Group 5   - Chicken neural retinal cells + human amni-
otic epithelial cells conditioned medium
Seeding was carried out in such a way that each
well would contain 1 x 106 cells. In combination group
i.e. Group 3; both the types of cells were seeded in 1:1
proportion with a final concentration of 1 x 106 cells in
the well. Each well contained 2 ml of culture medium.
Immunofluorescence and fluorescence microscopy
Cover slips with unlabelled cells were fixed in 4%
paraformaldehyde in 0.1 M phosphate buffered saline
(PBS) at pH 7.2. Then they were blocked in 10% normal
goat serum in 0.3% Triton-X 100 in PBS and were incu-
bated with rabbit anti-NF 200 (1:200 dilution) or rabbit
anti-GFAP (1:200 dilution) diluted with 3% normal goat
serum in 0.3 Triton-X 100 in PBS. Primary antibodies
were visualized using fluorescein isothiocyanate conju-
gated goat anti-rabbit IgG (1:200 dilution with 3% nor-
mal goat serum in 0.3% Triton-X 100 in PBS). Cells in
co-culture experiments were fixed in the above manner
and mounted in glycerine jelly for visualization. For fluo-
rescence viewing, upright epi-fluorescence microscope
with either fluorescein isothiocyanate or Rhodamine fil-
ter sets were used for fluorescein isothiocyanate and
CellTracker Green or DiI respectively.
Light microscopy and histology
In separate set of cover slips, viability of the cells
was estimated using 0.1% trypan blue (Freshney, 2000)
and were subsequently stained with 1% toluidine blue
(Culling, 1972). Eyeballs of chick embryos of 10th, 11th
and 12th day of incubation were fixed in 10% formal
saline and subjected to paraffin processing. Sections
were cut at 7 μ thickness and were stained with 1% tolui-
dine blue or Glees and Marshland modification of
Belchowsky’s method (Culling, 1972).
Western Blot
Cells were allowed to grow for 24 hours before
being harvesting medium for analysis. Protease inhibit-
ing cocktails were added to conditioned medium and
chicken and human amniotic epithelial cell lysates pre-
pared with cell lysis buffer. Protein concentrations were
determined by the method of Lowry et al. (1951). Equal
amounts of protein (50 μg) were separated by 12% so-
dium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transblotted onto PVDF mem-
branes. Membranes, blocked with 10% nonfat dry milk
in 50 mM Tris-buffered saline (pH 8.0) with 0.2% tween-
20 (TBS-T) at room temperature for 3 hrs, were incu-
bated with primary antibody diluted in TBS-T: anti-
bFGF rabbit polyclonal antibody (1:500 dilution; Merck
biosciences) for overnight at 4ºC. After incubated with
secondary anti rabbit IgG conjugated to horse radish
peroxidase at 1:5000 dilution for one hour at room tem-
perature, antibody binding was visualized using luminol
reagent and X-ray film (Pierce). Band intensity was
measured by multianalyst (Bio-Rad); the values are ex-
pressed in arbitrary units. In some cases, gels contain-
ing duplicate samples were stained with ponceau red to
visualize all bands. Control blots were performed with
homogenates from rat fetal liver, fetal kidney and post-
natal 1 month old pup kidney tissues.
Results
After 24-48 hrs of culture, chicken amniotic epi-
thelial cells were seen surviving without any obvious
cell loss and there was no change in their morphology
(Fig. 1A). On the other hand, chicken neural retinal cells
failed to survive well and there was extensive cell death.
Few cells seen surviving were without any fiber out-
growth and without any change in morphology (Fig. 1B).
In chicken amniotic epithelial cells conditioned
medium cultures, chicken neural retinal cells were found
to have differentiated (Fig. 1C). Similar effects were seen
with human amniotic epithelial cells conditioned me-
dium (Data not shown). Immunofluorescence studies
showed that such differentiated retinal cells were posi-SANKAR VENKATACHALAM et al. 84
FIGURE 2. Eye ball histology showing undifferentiated cells at 11 days. a. Eye ball histology of 11 day old chick
embryo. Histochemical staining for axons using Glees and Marshland modification of Bielchowsky’s Method. Various
layers of the retina viz. photoreceptor layer (PRL), ganglion cell layer (GCL) and pigment epithelial layer (PEL) can be
seen. Boxed area is shown enlarged in Fig. 2B.  b. Magnified view of boxed area in Fig. 2A. Cells in the ganglion cell
layer were seen without any processes / neurites on 11th day of development in chick embryo. Compare this with
extensive neurite development by 10th day chicken neural retinal cells in culture after 24 hours (comparable to 11th
embryonic day) in the presence of factors present in chicken amniotic epithelial cells conditioned medium.
FIGURE 1. Cell culture studies. a.
Chicken amniotic epithelial cells cultured
for 24 hours. Morphology of cells did not
change. Some dividing cells were seen.
There was no significant cell death. b.
Chicken neural retinal cells cultured for
24 hours. There was significant cell loss.
Few surviving cells were seen without any
neurite outgrowths / morphology changes.
c. Chicken neural retinal cells cultured
with chicken amniotic epithelial cells con-
ditioned medium after 24 hours. Survival
of chicken neural retinal cells in such con-
ditioned medium was high. Almost all sur-
viving cells show neurite outgrowths.
Morphology was characteristic of neurons.
Arrows indicate some of the cells with typi-
cal neuronal morphology. See also Fig.
1E. d. Chicken neural retinal cells co-cul-
tured with chicken amniotic epithelial cells.
Amniotic epithelial cells (CAEC) formed
aggregates and neurites of neural retinal
cells were seen growing towards them
(arrows), indicating the trophic influence
of amniotic epithelial cells over the pro-
cesses of neural retinal cells. e. Anti-NF-
200 staining of neural retinal cells cultured
in the presence of amniotic epithelial cells
conditioned medium. All the surviving cells
were positive for neurofilament-200 (NF-
200) and negative for glial fibrillary acidic
protein (GFAP) (data not shown). f. Fluo-
rescent image of co-cultures of DiI labeled
neural retinal cells and CellTracker Green
labeled amniotic epithelial cells. Green fluorescent amniotic epithelial cells can be seen aggregated and DiI positive neural
retinal cells can be seen with neurite outgrowths. At many places, neural retinal cells were seen in close association with
amniotic epithelial cell aggregates. Scale bars in photomicrographs represent 50 microns.85 NEUROTROPHIC FACTOR IN AMNIOTIC EPITHELIAL CELLS
tively stained for neurofilament -200 (NF 200) (Fig. 1E)
and were negative for glial fibrillary acidic protein
(GFAP).
In co-cultures, chicken amniotic epithelial cells
remained as undifferentiated cells. However, chicken
neural retinal cells were found not only surviving well
but also showed differentiation. Typical multipolar neu-
rons were seen and frequently their neurites were seen
grown towards and attached to chicken amniotic epi-
thelial cell aggregates (Fig. 1D). Co-culture of these cells
with different fluorescent labels confirmed this obser-
vation (Fig. 1F).
Eyeballs processed for histology showed normal
features such as bi-layered retina and other coverings
along with optic nerve. The cells of retina were seen as
undifferentiated round cells without any evidence of
neurite growth (Fig. 2A and 2B). The results were scored
in a semiquantitative manner by observers who were
unaware of the experiment protocol and the scores were
given as Table 1.
From the Table 1, it would be obvious that while
chicken amniotic epithelial cells were unaffected, neu-
ral retinal cells when cultured along with chicken am-
niotic epithelial cells or in conditioned medium obtained
from either chicken or human amniotic epithelial cells
not only survived but also showed differentiation. Al-
though, neural retinal cells in vivo survived, there was
no differentiation by 11th day of incubation (24 hours
past 10th day of incubation).
TABLE 1.
Semi-quantitative assessment of survival and/or differentiation
of cells under different experimental conditions.
Cells Survival Neurite-like outgrowth
Chicken amniotic epithelial cells alone + + + + -
Chicken neural retinal cells alone + -
Chicken neural retinal cells co-cultured with + + + + + + + +
chicken amniotic epithelial cells
Chicken neural retinal cells in chicken + +  (or) + +
amniotic epithelial cells conditioned medium + + +
Chicken neural retinal cells in human amniotic + +  (or) + +
epithelial cells conditioned medium + + +
Chicken neural retinal cells in 11th day eye ball + + + + -
Western blot indicated FGF-2 positive bands in
positive controls which correspond to the four known
isoforms (with a molecular weight of 18, 18.5, 22 and
22.5 kDa) of FGF-2. No FGF-2 was detected in condi-
tioned mediums or in cell lysates (Figs. 3A and 3B),
indicating the absence of the already known four
isoforms of FGF-2 in both conditioned mediums and
cell lysates. Also, neither the serum used for cultures or
control culture medium contained detectable levels of
FGF-2 in the western blot.
FIGURE 3. Western blot of chicken amniotic epithelial cells
conditioned medium, chicken amniotic epithelial cells lysate,
human amniotic epithelial cells conditioned medium, human
amniotic epithelial cells lysate did not revealed presence of
FGF-2. Fetal rat liver, kidney or postnatal rat pup kidney
homogenates were used as positive controls. Blots indicate
the FGF-2 antibody used was able to detect all the known
isoforms of FGF-2 viz. 18, 18.5, 22 and 22.5 kDa variants.
Absence of bands in the test samples indicates absence of
known isoforms of FGF-2 in them.SANKAR VENKATACHALAM et al. 86
Discussion
The mechanism behind the neurotrophism exhib-
ited by amniotic epithelial cells appears to be com-
plex. As Sakuragawa et al. (2001) and Uchida et al.
(2000; 2003) opined EGF-like factor may be respon-
sible, involvement of a factor closely related to EGF
was explored. Possibility of FGF-2 secretion by amni-
otic epithelial cells was envisaged based on an inciden-
tal finding of overgrowth of fibroblasts in the presence
of these cells than when alone in cultures.
Chicken neural retinal cells were selected for test-
ing the bio-activity of the product secreted by amniotic
epithelial cells. Chicken neural retina development
heavily depends on FGF-2 (Cirillo et al., 1990; Pittack
et al., 1997; Desire et al., 1998). Blocking the action of
endogenous FGF-2 caused malformation of nervous
structures (Dono et al., 1998; Szebenyi et al., 2001;
Raballo et al., 2000) especially retina (McFarlane et al.,
1998; Martinez-Morales et al., 2005). Action of FGF-2
on chicken retinal cells with neural potentials appears
to be dose dependent. For e.g. in developing eye ball,
endogenous FGF-2 cause pigment epithelium to divide
while excess FGF-2 from exogenous source would lead
to the differentiation of pigment epithelium towards
neural line (Azuma et al., 2005) and double neural retina
would arise out of such situation (Tcheng et al., 1994).
Thus, in low concentrations, FGF-2 induces mitosis in
the neural retinal cells to increase the cell population
while in high concentrations, cause differentiation in
the cells. These previous studies indicate that neural
retinal cells from developing eyeball could be used for
bio-assaying FGF-2 qualitatively if not quantitatively.
Practically, usage of chicken retinal and amniotic cells
rather than rat cells gave an advantage in terms of ethi-
cal aspects as chicken cells can be obtained without sac-
rificing a pregnant animal.
The results of the present study indicates that the
neurotrophic factor secreted by amniotic epithelial cells
mimics FGF-2 in action on the developing chicken neu-
ral retinal cells. Why amniotic epithelial cells should
secrete FGF-2? Amniotic epithelial cells require FGF-
2 for their maintenance i.e. division and survival
(Gospodarowicz et al, 1977; Chettur et al., 1978;
Porreco et al., 1980). FGF-2 secreted by amniotic epi-
thelial cells in an autocrine basis might find its way into
the amniotic fluid and might influence the development
of nervous system. A diffusible neurotrophic factor from
amnion is thought to induce the earliest neural develop-
ment i.e. neural tube development from the totipotent
epiblast cells (Streit et al., 2000) at which stage nothing
is intervening between amnion and epiblast cells ex-
cept the amniotic cavity with fluid. Thus in the early
stages of development, amniotic epithelial cells might
function as exogenous FGF-2 suppliers supplementing
endogenous sources for the development of cells.
When induction of neural tube and neural deriva-
tives such as optic cup were initiated, gradually the de-
veloping neural structures (such as retina) get away from
surface and FGF-2 secreted by amnion may no longer
diffuse through great distances to reach those structures.
Such protection from the excess exogenous FGF-2 may
be necessary to avoid pre-mature differentiation result-
ing in less cell population. Interestingly, in the present
study also, eyeball of chick embryo on 11th and 12th  day
did not showed differentiated cells in retina indicating
that they are still capable of increasing their popula-
tion. However, the same cells of comparable age (10th
day cells maintained for 24 to 48 hours days in culture)
when cultured along with amniotic epithelial cells or
with their conditioned medium showed extensive dif-
ferentiation. It may be interpreted as in vivo, the cells
of neural retina were kept from differentiation by the
controlled (limited) supply of endogenous FGF-2. When
they are exposed to excess amount of FGF-2 in vitro,
secreted by amniotic epithelial cells, differentiation
might have been induced. These observations indicate
that in the given concentrations and ratio, chicken am-
niotic epithelial cells can secrete a factor which is ca-
pable of inducing differentiation in chicken neural reti-
nal cells and this factor could be FGF-2 like in action
due to reasons outlined earlier.
However, in western blot no already established
isoforms of FGF-2 was detected although the antibody
used in the present study was capable of detecting all
the known isoforms of FGF-2. Koizumi et al. (2000)
had showed human amniotic epithelial cells exhibit both
gene and protein expression for both FGF and EGF
along with several other factors. Nevertheless, based on
biological action neither Sakuragawa (2001) who con-
cluded “EGF like” nor we who concluded “FGF-2 like”
could confirm the presence of known isoforms of EGF
and FGF-2 respectively through immunoassays.
Koizumi et al. (2000), used cryopreserved amniotic
membranes for their study. Sakuragawa et al. (2001)
and we for the current study used primary cultures of
amniotic epithelial cells from freshly obtained placenta
and also the culture conditions were different. It is not
know at present whether these variations are respon-
sible for the observed differences.
Neuroprotective effects of human amniotic epithe-
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those of BDNF, NT-3, CNTF or their combinations and
therefore, these cells were considered to produce un-
known neurotrophic factor other than those three fac-
tors (Uchida et al., 2000; Sakuragawa et al., 2001;
Uchida et al., 2003). Given that already possibility of
BDNF, NT-3, CNTF and EGF mediated mechanism
behind neurotropism exhibited by amniotic epithelial
cells was ruled out, observations of the present study
adds FGF-2 to that list.
Interestingly, both EGF and FGF-2 are related to each
other in several aspects. Both are mesenchymal mitogens.
Both EGF and FGF exhibit similar actions on develop-
ing central nervous system as well as adult neural stem
cells (Goh et al., 2003). Exposure to FGF-2 is a pre-req-
uisite for the development of EGF responsiveness in de-
veloping neural cells (Ciccolini and Svendsen, 1998).
They have a common antagonist viz. “SPRY” (Kramer
et al., 1999). Both are capable of rescuing injured neural
cells (Traverso et al., 2003). During development, neural
stem cells such as sub-ventricular zone cells respond to
FGF-2 and EGF by co-expressing receptors for both
(Gritti et al., 1999; Kalyani et al., 1999).  Finally, in the
mRNA sequences, EGF and FGF-2 showed a homology
score of 9446 (in European Molecular Biology Labora-
tory (EMBL), European Bioinformatics Institute (EBI)
database search), which is a closer relation than most
other neurotrophic factors as given in Tables 2 and 3.
From the foregoing discussions, it may be specu-
lated that the neurotrophic factor secreted by amniotic
epithelial cells might be closely related to EGF and/or
FGF-2. In this aspect it may be an unidentified isoform
of any of these two factors. Contrarily, amniotic epithe-
lial cells may be capable of secreting an array of neu-
rotrophic / growth factors in a spatio-temporal manner
as the culture conditions of the studies were different
from each other. This dynamic possibility of amniotic
epithelial cells secreting different factors cannot be ne-
gated as Koizumi et al. (2000) showed both gene and
protein expression of several factors by amniotic epi-
thelial cells.
Neurotrophic factor secreted by amniotic epithe-
lial cells does not appear to be species specific as hu-
man amniotic epithelial cells secreted factor acts on both
rat (Uchida et al., 2003) and chick neural cells [present
study]. Therefore, an approach using chick embryo de-
TABLE 3.
Homology score of FGF-2 mRNA with other
neurotrophic factors
(Higher the score indicates more closer amino acid sequence
similarity)
With Score
GDNF (Variant 3) 847
GDNF (Variant 2) 1327
GDNF (Variant 1) 2069
NGF 2409
NT-3 2512
CNTF 3562
TGF-Beta 5132
BDNF (Variant 3) 7626
BDNF (Variant 6) 7914
BDNF (Variant 5) 7935
BDNF (Variant 2) 8019
BDNF (Variant 4) 8119
BDNF (Variant 1) 8321
TGF-alpha 8366
EGF 9446
TABLE 2.
Homology score of EGF mRNA with other
neurotrophic factors
(Higher the score indicates more closer similarity in the sequences)
With Score
GDNF (Variant 3) 906
GDNF (Variant 2) 1456
GDNF (Variant 1) 1892
NGF 2356
NT-3 2726
CNTF 3842
TGF-Beta 5409
BDNF (Variant 5) 7692
BDNF (Variant 6) 7784
BDNF (Variant 2) 7835
BDNF (Variant 3) 7902
BDNF (Variant 4) 8230
BDNF (Variant 1) 8764
TGF-alpha 8777
FGF 9446SANKAR VENKATACHALAM et al. 88
rived neural and amniotic epithelial cells along with
human amniotic epithelial cells as used in our study
could be a suitable model for want of ethical reasons.
Because, procurement of human amniotic epithelial cells
does not impose much ethical restrictions and getting
cells from chick embryo does not necessitate the sacri-
fice of a pregnant animal to get developing neural cells.
Moreover, using (chick) embryos of half-of the gesta-
tion age may not require ethical clearance in certain
countries (Freshney, 2000).
Amniotic epithelial cells were found to express char-
acteristic features of stem cells (Miki et al., 2005) and
have high potential for being used in transplantations
(Bailo et al., 2004) as a stem cell. Since amniotic epithe-
lial cells were found to be not only immuno logically naive
but also secrete immunosuppressive factors (Li et al.,
2005), they may not evoke immune rejection problems
thus avoiding the immunosupression and its complica-
tions. In this aspect, they can be considered advantageous
when compared with other mesenchymal stem cells.
However, mechanism behind amniotic epithelial cell
mediated neurotropism needs to be identified in order to
carry forward this research towards clinical applications.
Further research is warranted in this direction to explore
about this interesting cell type which appears to be highly
dynamic in its functions.
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